LiF-BeF2 salt and liquid bismuth were determined over a wide range of salt composition at some temperatures from 600 to 800dc. 
Equilibrium Distribution
The distribution coefficients for an element M and for lithium were determined by the following equations, respectively :
where AM is the molar radioactivity of the element M, XLi and XLiF are the mole fractions -of lithium and LiF, respectively, and the subscripts (Bi) and (F) denote the liquid bismuth phase and molten fluoride phase, respectively. The obtained distribution coefficients for each element are plotted as a function of the distribution coefficient of lithium in Fig. 3 
the equilibrium distribution of the element M can be expressed as
where n denotes the valence of the element M. Equation ( 4 ) deduces the following relation : log DM••n log DLi+ n log XLiF -m log aLIF + log K'4 ,
where
(m-n)MFm(gLi)n/gM ( 7 ) Fig. 1 Reductive extraction of protactinium from molten LiF-BeF2 into liquid bismuth at 600dc K4 is the equilibrium constant of reaction ( 4 ) and a and g are the activity and the activity coefficient of the species concerned, respectively. The DM defined by Eq. ( 6 ) is essentially the same as that in Eq. ( 1 ). In the systems investigated, each component in the bismuth phase was present at very low concentration (<0.01 mol/o) and so the values of gM and gLi are considered to be practically constant.
Since Li (m-n)MFm is present at low concentration (<0.01 mol/o) in the salt phase and interacts no longer with the solvent, gLi(m-n)MFm may also be treated as a constant.
This means that K'4 is a constant value at a given temperature.
The term (n log XLiF-m log aLiF) in Eq. ( 5 ) depends only on the salt composition. Thus, a plot of log DM vs. log DLi gives the straight lines having a slope of n for each salt composition. It was shown that all the trivalent elements, lanthanum, cerium and neptunium, have m values around 3 and the effect of salt composition on their extraction behavior is similar to each other.
The distribution behavior of tetravalent protactinium was affected by the salt composition similarly as the tetravalent thorium(7). Thus it can be concluded that the effect of salt composition on extraction behavior is not so different among the elements having the same valence, while the effect is very different among those having the different valences. The formation of complexes in the salt phase seems to depend largely on the valence n.
This should be a measure of polarizing power. 
where DGdf(LiF) and DGdf(Li(m-n)MFm) are the free energies of formation of LiF and Li(m-n)MFm, respectively.
The excess free energy DGEM of solute M in the bismuth phase, which is relative to each metal state, is expressed as follows by combining Eqs. ( 7 ) and ( 8 ) : ( 9 ) An approximation is introduced to estimate DGEM according to Eq. ( 9 ) . Since Li(m-n)MFm present at low concentration in the salt phase interacts no longer with the solvent, g Li(m-n)MFm is considered to be unity. Table 1 shows that all the trivalent elements (n =3) have m values around 3 and that they exist mainly as MF3 in the salt phase. Consequently, Eq. ( 9 ) is simplified for the trivalent elements as (10) The excess free energies of the trivalent elements in the bismuth phase were calculated by Eq. (10) with the aid of the data for the equilibrium distribution, the free energies of formation (10) The results are summarized in Table 2 . The excess free energies of the divalent elements shown in Table 2 have also been calculated by a similar equation assuming that m=2.
As shown in Table 1 , on the other hand, the tetravalent elements have m around 6 and exist mainly as Li2MF6 in the salt phase. The excess free energies of the Table 2 Excess free energy  of solutes in liquid bismuth 69-tetravalent elements could not be calculated in the same manner because of the lack of information on the free energy of formation D4Gdf(Li2MF6). In spite of the approximation used, some calculated excess free energies are found to be in fair agreement with those in literatures(16)~(21) and this indicates the validity of the present treatments.
Although the values of the excess free energy of the lanthanide and actinide elements vary with element, they are apparently negative in all cases. These negative values suggest the presence of strong interactions between the elements and liquid bismuth.
It has been known that the lanthanide and actinide elements from various intermetallic compounds with the elements having incomplete p shell such as bismuth (22)(23). The negative excess free energies might thus be attributed to the formation of some intermetallic compounds in the bismuth phase as M+xBi=MBix.
Assuming that the formation of intermetallic compound is complete like as that of complex in the salt phase, the equilibrium distribution of Eq. ( 4 ) can be rewritten as
It is of interest to follow the change of the excess free energy with element for having an insight to the nature of the intermetallic compound. Figure 5 shows the excess free energies of the trivalent elements together with the free energies of formation of their fluorides.
The change of DGEM with element is apparently similar to that of D Gdf(MF3). This correlation might suggest that the bonding characteristics of the element M in the intermetallic compounds are considerably similar to those in the trifluorides.
This leads to the fact that the separation factors among the elements having the same valence, especially among the elements neighboring in the periodic table, are not so high. Although further theoretical studies are required for complete understanding of these intermetallic compounds, the correlation in Fig. 5 
The metal M which liberates according to reaction (13) might be supposed to be adsorbed on the crucible wall and then be dissolved gradually into the bismuth phase by reaction (14) . The lower rate of increase of lanthanum concentration in the bismuth phase could be interpreted by supposing that the rate of reaction (14) is slower than that of reaction (13) .
For clearer elucidation of the mechanism of the reductive extraction, further investigations will be necessary.
V. CONCLUSIONS
The following conclusions can be drawn in the present study on reductive extraction of lanthanide and acitinide elements from molten LiF-BeF2 into liquid bismuth.
(1) The equilibrium distribution of each element depends on salt composition and temperature. ( 2) The effect of salt composition is well explained by considering the formation of complexes in the salt phase.
(3) The excess free energies of solutes in the bismuth phase are considerably negative, indicating the formation of intermetallic compounds between the solutes and bismuth.
(4) Equilibrium distribution may be expresssed as 71-
